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Iridoscopic botulinum toxin injection 
fnto the minor papilla for treatment of 
liopathic recurrent pancreatitis in 
^tlents with pancreas divisum 



Wehrmann, MD, Thomas Schmitt, MD. Hans Seitert, MD. 

^ • 

^iackground: In some patients with pancreas divisum, 
""bstruction to the flow o1 pancreatic Juice into the duo- 
%num is the presumptive cause of acute recurrent pan- 
v^atitis. However; identification of those patients who 
fay benefit from minor papilla sphincterotomy or stent 
^^lacement is difficult 

Methods: Five patients with acute recurrent pancreatitis 
"lid pancreas divisum were therefore treated by endo- 
j^bpic injection of 50 units of botulinum toxin into the 
^inor papilla in an outpatient setting. 
^esufts: Botulinum toxin Injection was successfully per- 
jifmed on six occasions In 5 patients and no adverse 
%ects were noted. Two patients relapsed after 9 and 10 
3>nths, respectively, but had definite relief of symptoms 
'^er needle-knife sphincterotomy. One patient relapsed 7 
iiipnths after botulinum toxin injection but became symp- 
free again after a second botulinum toxin Injection, 
pother patient is stiti in clinical remission 4 months after 
etullnum toxin administration, and 1 patient did not 
:^pond to either botulinum toxin administration or to 
sphincterotomy and stent placement. 
^ndusions: Endoscopic injection of botulinum toxin 
into the minor papilla in patients with pancreas divisum 
0d acute recurrent pancreatitis is a safe procedure that 
I' easy to perform and provides short-term relief in 
some patients. Response to botulinum toxin injection 
may predict whether patients with pancreas divisum 
l|i.d. acute recurrent pancreatitis will benefit from other 
lorms of endoscopic therapy. 

^ Pancreas divisum is a common congenital anomaly 
"^Ith an estimated prevalence of 5% to 7% in the 
eneral population. Because a greater volume of 
ll^e pancreatic secretion drains through the small 
0inor papilla in this vSituation, it has been speculated 
Jat this presumptive obstruction to outflow may 
||use recurrent attacks of pancreatitis in a subset of 
|atients.i-5 Although the putative relationship 
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between acute recurrent pancreatitis (ARP) and 
pancreas divisum continues to be controversial, bal- 
loon dilation, endoscopic sphincterotomy, and acces- 
sory duct stent placement have been performed in 
this setting.^-12 However, the response rates have 
varied between 20% and 90% and endoscopic therapy 
has risks>i2 Therefore, data to guide selection of 
patients who may benefit from ductal decompres- 
sion would be useful. Because local injection of bot- 
ulinum toxin (BTX) has been proven to transiently 
relax the smooth muscle of GI sphincters, i^-i^ we 
undertook a study of endoscopic BTX injection into 
the minor papilla. 

PATIENTS AND METHODS 

Patients 

From October 1995 to May 1998 we offered endoscopic 
BTX injection into the minor papilla to all patients who 
had experienced two or more episodes of abdominal pain 
with associated serum amylase elevations twice the range 
of normal during the previous 6 months (at least one pan- 
creatitis episode every 3 months) and in whom pancreas 
divisum was verified by pancreatography. Excluded were 
patients in whom other causes of ARP (alcohol, gallstones, 
trauma, medication related, metabolic disorders, sphinc- 
ter of Oddi dysfunction of the major papilla, or family his- 
tory) could be identified. Chronic pancreatitis was ruled 
out in each case by normal findings by abdominal US, CT, 
pancreatography (no duct dilatation or other abnormali- 
ties except the presence of separated pancreatic anlage) 
and normal stool weight, fat and elastase concentrations 
(3-day analysis). During the study period 5 patients 
agreed to participate (another qualified patient declined). 
None uf the patients had prior abdominal surgery except 
appendectomy. Endoscopic retrograde cholangiography 
with additional analysis for bile crystals was normal in all 
patients, and biliary and pancreatic sphincter of Oddi dys- 
function of the major papilla was excluded by manometry 
in 3 cases (Table 1). Sphincter of Oddi manometry of the 
minor papilla was performed in 4 patients (in the remain- 
ing patient, cannulation of the minor papilla could not be 
achieved with the manometry probe) and revealed sphinc- 
ter hypertension in all (extrapolating from data pertain- 
ing VQ the major papilla, an abnormal pressure was con- 
sidered present if the pressure exceeded 40 mm Hg, Table 
D.i^'l^ None of the episodes of pancreatitis in the study 
patients was related to a medical procedure. 

All patients gave written informed consent before BTX 
treatment, and the study protocol was approved by the 
ethics committee of our university. 

Endoscopic procedure 

After an overnight fast the duodenum was intubated 
with a side-viewing endoscope (TJF 130 or 140; Olympus 
Optical, Hambiurg, Germany) under satisfactory sedation 
with intravenous propofol (Disoprivan; Zeneca, Plankstadt, 
Germany) and the minor papilla was visualized. Then, 50 
units of BTX (Botox: Pharma Merz, Frankfmrt am Main, 
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Figure 1. Duodenoscopic appearance of the minor papilla in 
patient No. 3 during endoscopic injection of 50 units BTX 
(Injection volume 0.5 mL) Into the papillary roof through a 
standard sclerotherapy needle. 

Germany), reconstituted in 0.5 mL physiological saline, was 
injected into the papillary roof as a single deposit through 
a standard sclerotherapy needle (0.5 mm diameter, 5 mm 
needle length) (Fig. 1). The minor papilla was not cannulat- 
ed and the procedure was performed on an outpatient basis 
with clinical monitoring in the endoscopy \mit for 4 hours 
after the pix>cedure. Patients remained fasting overnight 
and were routinely interviewed for side effects during the 
evening of the procedure day and the next morning via 
telephone. All patients were evaluated clinically 4 to 6 
weeks after treatment and were followed at bimonthly 
intervals thereafter. A clinical response was defined as a 
symptom-free period of more than 3 months' duration after 
endoscopic BTX injection. 

RESULTS 

BTX injection into the minor, papilla was tech- 
nically successful in all patients and no side 
effects (e.g., bleeding or postprocedure pancreatitis) 
were noted. Endoscopically, slight edema of the 
minor papilla was observed immediately after 
BTX injection on one of six occasions. The average 
duration of the procedure was 8 minutes (range 6 
to 10 minutes, time span from insertion of the 
endoscope to withdrawal). 

The first 2 patients remained free of complaints 
for 9 and 10 months, respectively (Table 1). 
Thereafter, both patients had a relapse of acute pan- 
creatitis. Both underwent minor papilla needle- 
knife sphincterotomy over a previously placed 7F 
straight stent (which was removed 3 days later) and 
had an uneventful long-term clinical coiu-se there- 
after. Another patient remained symptom free for 7 
months after BTX injection. After a recurrent 
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episode of acute pancreatitis he underwent a second 
BTX injection into the minor papilla (because he 
refused sphincterotomy) and again became free of 
complaints. One patient treated by BTX injection 4 
months ago remains free of symptoms. 

"Repeated manometry of the minor papilla indi- 
cated recurrence of sphincter hjrpertension in all 3 
patients with relapse after BTX treatment (Table 1). 
Another patient had a documented episode of 
acute pancreatitis 1 month after BTX injection 
(BTX nonresponder). Minor papilla sphincter- 
otomy and stent placement (7F straight stent) 
were perfomed 2 weeks later but the patient devel- 
oped another episode of acute pancreatitis 2 
months thereafter. 

DISCUSSION 

The precise relationship between pancreas divi- 
sum and ARP is largely unknown. It has been sug- 
gested that resistance to the flow of secretions 
through the relatively small minor papilla causes 
ductal hypertension and recurrent attacks of pancre- 
atitis.^-^ Therefore, current endoscopic therapy is 
directed toward relieving the presumptive outflow 
obstruction by sphincterotomy of the minor papilla or 
long-term accessory duct stent placement; the resulxs 
of such therapy in selected cases are reasonable.^- ^2 
However, minor papilla sphincterotomy has been 
associated with postprocedural pancreatitis in nearly 
20% of cases, and stent migration or ductal irregular- 
ities resulting from long-term stent placement have 
been observed in up to half of the cases.®" ^2 Therefore, 
identification of those patients who may benefit from 
endoscopic therapy is a major consideration. 
Endoscopic manometry of the minor papilla is ham- 
pered by the lack of true normal values, and the 
diagnostic relevance of the occasional US demonstra- 
tion of pancreatic duct dilatation after stimulation by 
intravenous injection of secretin remains to be 
proved.20 

Endoscopically guided injection of BTX into the 
minor papilla may in theory offer some advantages. 
By blockade of acetylcholine release from presynap- 
tic cholinergic nerve endings, locally administered 
BTX can significantly lower the basal tone of GI 
smooth muscle sphincters, an effect that is general- 
ly fully reversible after 5 to 16 months. ^^-19 
Furthermore, it has been proved that local BTX 
ir^ection into the m£^or papilla is a technically easy 
and relatively safe procedure. 15,16 Based on our 
results in patients with biliary sphincter of Oddi 
dysfunction that indicate that BTX injection into 
the sphincter of Oddi can predict whether patients 
will benefit long-term from endoscopic sphincter- 
otomy,ifi we investigated the clinical effects of BTX 
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Table 1. Demographic and manometric data f r 5 patients with ARP and pancreas divlsum and their clini- 
cal course after endosc pic injection of BTX Into the min r papilla 



parameter 



Patient No. 1 



Age (yr) 
Gender 

Attacks of ARP • 

(nc. during 6 mo 

before study entry) 
(B) BSOP (mm Hg) 
(P) BSOP (mm Hg) 
MPS3P (mm Hg) 
Symptom free after 

BlX-icjection (mo) 
MPBSP at relapse 

(mm Hg) 
Treatment after relapse 
Final outcome (mo of 

follow-up after relapse) 



24 
Male 
3 



28 
24 
65 
9 

53 



MP-NKS 
Kemission (22) 



Patient No. 2 



Patient No. 3 



39 

Female 



17 
18 
44 

10 . 

45 

MP-NKS 
Remission (18) 



44 
Male 
3 



22 
26 
51 
7 

41 



Patient No. 4 



2nd BTX injection 
Kemission (9) 



50 
Female 
2 



Not done 
Not done 
Not done 
1 

Not done 

MP-NKS -I- stenting 
Relapse of ARP 



Patient No. 5 



64 
Female 
6 



Not done 
. Not done 
49 
4 

No relapse 

No relapse 
No relapse 



(BJ BSOP, Biliary sphincter of Oddi baseline pressure: (P) BSOP, p.ancrealic sphincter of Oddi baseline pressure; MPSBP, minor 
papilla sphincter baseline pressure; MP-NKS^ minor papUla needle-knife sphincterotomy. 



injection into the minor papilla of patients with pan- 
creas divistim and AKP . 

Analogous to the situation at the major papilla, 
BTX injection into the minor papilla was quick and 
easy to perform (because ductal cannulation is 
unnecessary) on all six occasions (including one 
retreatment) and no side effects were observed. 
However, in our series of patients undergoing BTX 
treatment for biliary sphincter of Oddi dysfunction, 
mild pancreatitis occurred in 1 of 22 cases. Short- 
term response (3 to 10 months) to BTX treatment 
was documented in 4 of 5 patients with ARP and 
pancreas divisum. Those patients who had relapses 
of pancreatitis after the initial BTX treatment 
became again free of complaints after needle-knife 
sphincterotomy or a second BTX injection. The 
patient who did not respond to BTX treatment also 
had no benefit from endoscopic therapy (sphincter- 
otomy and stent placement). 

In summary, our initial experience in 5 patients 
demonstrates the technical feasibility and safety of 
BTX injection into the minor papilla. The results 
may indicate that a response to BTX injection iden- 
tifies patients with pancreas divisum in whom out- 
flow obstruction at the minor papilla causes ARP, 
However, this was not a randomized trial and only 
patients with frequent relapsing pancreatitis (mean 
3,6 ± 1.5 episodes during the 6 months before study 
entry) were enrolled, which may result in a signifi- 
cant selection bias. Therefore, a randomized trial 
involving a larger cohort of patients is warranted. 
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Preoperative assessment of extrahepatic 
bile duct carcinoma using three- 
dimensional intraductal US 

Kilchi Tamada, MD, Takeshi Tomiyama, MD, Akira OhashI, 
MD, Shinichl Wada, MD, Yukihiro Satoh, MD, Takamltsu 
MIyata MD, Kenlchi.ldo, MD, Kentaro Sugano, MD 

Background: We investigated the utility of a new imag- 
ing modality, three-dimensional Intraductal ultrasonog- 
raphy (US), for staging bile duct cancer. 
Methods: In eight patients with extrahepatic bile duct 
carcinoma, two- and three-dimensional Intraductal US 
was used to assess tumor invasion of the right hepatic 
artery, portal vein, and pancreatic parenchyma before 
resection. The findings were correlated with hi:stologic 
information from the resected specimen. 
Results: Three-dimensional intraductal US enabled 
accurate assessment of tumor invasion of the right 
hepatic artery in 88% of cases, the portal vein in 100%, 
and pancreatic parenchyma In 100%. Two-dimensional 
intraductal US enabled accurate assessment of invasion 
of these structures in 88%, 88%, and 88% of cases. 
Conclusions: Three-dimensional Intraductal US is use- 
ful in assessing tumor stage in bile duct carcinoma. 

Intraductal ultrasonography (IDUS) with a high- 
frequency probe has been used to obtain high-quality 
cross-sectional images of the bile ducts in real time.i- 
^6 Our research group ^-^^ and others^ ^'^^ have previ- 
ously reported the utility and limitations of two- 
dimensional IDUS (2D-IDUS) in staging bile duct 
cancer. Kanemaki et al.^^'^® reported the utility of 
three-dimensional IDUS (3D-IDUS) in cases of pan- 
creatobiliaiy disease. They preoperatively evaluated 
tumor invasion of the portal vein in four patients with 
bile duct cancer, one with gallbladder cancer, and one 
with pancreatic cancer, ^5 We investigated the reliabil- 
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ity of 3D-IDUS in assessing tumor invasion of the ^ 
hepatic artery, portal vein, and pancreatic parenchy- i 
ma in i)atients with bile duct carcinoma before resec- I 
tion and compared sonographic assessments with his- 1 
tologic fmdings in the resected specimens. 

PATIENTS AND METHODS 

Patients 

Eight consecutive patients (6 men, 2 women) with ? 
extrahepatic bile duct carcinoma underwent tumor stag- % 
ing with 3D-IDUS before surgical resection between | 
December 1997 and September 1998. Mean patient age 
was 66.1 years (range 56 to 84 years). Surgical staging 
identified one lesion as Tl and seven as T3 (Table 1). 
Written informed consent was obtained from all patients | 
before percutaneous transhepatic biliary drainage, endo- 
scopic retrograde cholangiography, and IDUS. 

Equipment 

The 3D-IDUS system (Fujinon Co., Ltd., Saitama, 
Japan) consists of small-diameter US probes (diameter 2.0 f 
mm; 12 and 20 MHz), a probe translator (SP-501), a US | 
unit (SP-701), and a 3D unit (TP-101). The probes and the | 
US unit for 3D-IDUS were the same as for conventional i 
2D-IDUS. Only the probe translator and 3D-unit were | 
designed specifically for SD-IDUS. Probes with a 20 MHz f 
frequenc;y provided axial resolution of 0.1 nun and maxi- ^ 
mum penetration of approximately 20 mm. Probes with a J: 
12 MHz frequency provided axial resolution of 0.3 rnm and 
maximum penetration of approximately 30 mm. 
^ The 3D-IDUS system displays radial and linear scans in | 
real time. Radial images were made with a 360-degree s?can 
perpendicular to the tip of tiie probe. The linear dimension 
was added by integrating 40 serial radial scan images 
obtained at uniform intervals during one scanning pass and 
stored digitally, lb obtain the linear images, the US probe 
was moved lengthwise for 20 mm over about 3 seconds by ; 
means of the translator Although the translator was moved 
manually, the linear images were constructed automatically 
and uniformly, even when the bile duct was not scanned at 
uniform speed. Three-dimensional images were produced 
automatically as stereugraphic views within a few seconds 
after the procedure by means of selection of a region of inter- 
est from the radial and linear images. 

Technique 

The probe was inserted into the bile duct through a i- 

VOLUME 50, NO. 4, 1999 \ 



Material may be protected by copyright law (Title 17, U.S. Code) 



STIC-ILL 




From: 

Sent: 

To: 

Subject: 



STIC-Biotech/ChemLib 

Wednesday, November 19, 2003 6:11 AM 

STIC-ILL 

FW: In re: 10/0404, 830 Journal article 




— Original Message — 
Fr m: Ford, Vanessa 

Sent: Tuesday, November 18, 2003 5:35 PM 

T : snc-Blotech/ChemUb 
Subject: In re: 10/0404, 830 Journal article 



Please supply: 




Annals of N.York Acad. Of Scien; vol. 648; 1992. pp. 368-370; G.D. Zeevalk et al.; "NMDA Receptors Cellular Edema, 
And Metabolic Stress And Conference On Neurotoxins And 
Their Potential Roles In Neurodegeneration" May 8, 1991. N. York. 



Peripherally induced oromandibular dystonia. 
AU Sankhia, Charulata; Lai, Eugene C; Jankovic, Joseph [Reprint author] 
CS Movement Disord. Cin.. Dep. Neurol., Baylor Coll. Med., 6550 Fannin, Suite 

1801 , Houston. TX 77030-3498, USA 
SO Journal of Neurology Neurosurgery and Psychiatry, (Nov., 1998) Vol. 65, 
No. 5. pp. 722-728. print. ^ 

SO Australian and New Zealand Journal of Medicine, (1992) Vol. 22, No. 4, pp. 
428. 

Meeting Info.: Annual Scientific Meeting of the Australian Association of 
Neurologists. Melbourne, Victoria, Australia. June 1-3, 1992. 
CODEN: ANZJB8. ISSN: 0004-8291. 



Vanessa L. Ford 
Biotechnology Patent Examiner 

Office: CM18A16 
Mailbox: CMl 8E12 
Phone: 703.308.4735 
Art Unit: 1645 



1 



722 



J Settrol Neurosurg Psychiatry 1998;65:722-728 



Peripherally induced oromandibular dystonia 

Charulata|Sankhla, Eugene cjLai, Joseph(jankovic 



Movement Disorders 
Clinic, Department of 
Neurolog>', Baylor 
College of Medicine, ^ 
Houston, Texas, USA) 
C Sankhla ^ 
EC Lai 
J Jankovic 

Correspondence to: 
Professor J Jankovic, 
Movemenr Disordcrx Clinic, 
DeparLmeni of Xeurulogy', 
Baylor CoHege of Medicine^ 
6550 Fannir, Suite 2801, 
Houston' Texasr7703l)-349«J 
USA. Telephone 001 713 
79S 5993i fax 001 7n 798 
6808. 

Received 19 December 1997 
and in revised form 
29 April 1998 
Accepted 2 May 1998 



Abstract 

0&/£chtre^— Oromandibular dystonia 
(OMD) is a focal dystonia manifested by 
involuntary muscle contractions producing 
repetitive^ patterned mouthy jaw, and 
tongue movements. Dystonia is usually 
idiopathic (primary), but in some cases it 
follows peripheral injury. Peripherally in- 
duced cervical and limb dystonia is well 
recognised, and the aim of this study was to 
characterise peripherally induced OMD. 
Methods — The following inclusion criteria 
were used for peripherally induced OMD: 
(1) the onset of the dystonia was within a 
few days or months (up to 1 year) after the 
injury; (2) the trauma was well docu- 
mented by the patient's history or a review 
of their medical and dental records; and 
(3) the onset of dystonia was anatomically 
rdated to the site of injury (facial and 
oral). 

Results^Twenty seven patients were iden- 
diied in the database with OMD, tempo- 
rally and anatomically related to prior 
injury or surgery. No additional precipi- 
tant other than trauma could be detected. 
None of the patients had any litigation 
pending. The mean age at onset was 50.11 
(SD 14.15) (range 23-74) years and there 
was a 2:1 female preponderance. Mean 
latency between the initial trauma and the 
onset of OMD was 65 days (range 1 day-1 
year). Ten (37%) patients had some evi- 
dence of predisposing factors such as fam- 
ily history of movement disorders, prior 
exposure to neuroleptic drugs, and associ- 
ated dystonia affecting other regions or 
essential tremor. When compared with 21 
patients with primary OMD, there was no 
difference for age at onset, female prepon- 
derance, and phenomenology. The fire- 
quency of dystonic writer's cramp, 
spasmodic dysphonia, brxudsm, essential 
tremor, and family history of movement 
disorder, however, was lower in the post- 
traumatic group (p<0.05). In both groups 
the response to botulinvim toxin treatment 
was superior to medical therapy (p<0.005). 
Surgical intervention for temporoman- 
dibular disorders was more frequent In 
the post-traumatic group and was associ- 
ated with worsening of dystonia. 
Conclusion — The study indicates that 
oromandibular-facial trauma, including 
dental procedures, may precipitate the 
onset of OMD, especially in predisposed 
people. Prompt recognition and treatment 
may prevent further complications. 

(7 S'eurvl Netrrosurg Psychiatry 1998;65:722-728) 

Keywords: oromandibular dystonia; peripheral tiaunsa; 
bruxism; dental surRery; boiulinum toxin 



Peripheral trauma has been implicated as a 
cause or a predisposing factor in various 
neurological disorders' ' and in various move- 
ment disorders such as Parkinson's disease and 
tremors,* dystonia,''" painful legs and moving 
toes," and myoclonus*' The relation between 
trauma and the subsequent development of a 
movement disorder, particularly dystonia and 
tremor, has been documented in many 
reports/ '"^ 

Oromandibular dystonia (OMD) is a focal 
dystonia involving the mouth, jaw, and tongue 
causing involuntary mouth closure or opening, 
deviation of the jaw, facial grimacing, or tongue 
movements. It often interferes with chewing, 
swallowing, and speaking. In addition, its 
appearance is often socially embarrassing and 
cosmetically disfiguring. When associated with 
dystonia of the upper face, such as blepharos- 
pasm, the term "cranial dystonia" is used'^ The 
aetiology of OMD is usually unknown, but we 
describe 27 cases in whom the onset of the 
symptoms of OMD was anatomically and Tem- 
porally related to a prior trauma to the face or 
mouth. To draw attention to this disabhng dis- 
easej we characterised the clinical features of 
post-traumatic OMD and compared it with 
primary OMD. 



Patients and methods 

One hundred and sixty patients with OMD 
were identified &om the database of 9083 
patients evaluated at Baylor College of Mcdi- 
dne Parkinson's Disease Center and Movement 
Disorders Clinic over a p>eriod of 20 years from 
1977 to 1996. Twenty seven patients were iden- 
tified as having peripherally induced, post- 
traumatic OMD using the following inclusion 
criteria: (1) the onset of the dystonia was within 
a few days or months (up to 1 year) after the 
injury; (2) the trauma was weU documented by 
the patients' history or a review of their medical 
and dental records; and (3) the onset of dysto- 
nia was anatomically related to the site of injury 
(facial and oral). The exclusion criteria were: 
(1) secondary dystonia such as drug induced 
(tardive) dystonia, brain injur>', Wilson's dis- 
ease, and other recognised aetiologies of dysto- 
nia; (2) latency between die trauma and die 
onset of OMD was longer than 1 year; and (3) 
a strong psychogenic component." The degree 
of the peripheral trauma was categorised as fol- 
lows: l^mild injury causing discomfort but 
without obvious abrasion or bleeding; 2=nunor 
trauma or surgery with abrasion or bleeding; 
3=moderate trauma requiring<l week of medi- 
cal care; and 4=major or multiple trauma or 
surgery requiring >1 week of medical care. The 
severity of the patient's symptoms was catego- 
rised as follows: 0=ncrmal; l=s]ight disability 
without fimctional impairment; 2=moderate 
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disability without functional impairment; 
3=modcratc disability with functional impair- 
ment (speaking/chcwing/swallowing); and 
4=incapacitated because of their inability to 
speakj chew, or swaUow. 

This group of patients with post-traumatic 
OMD was compared with a control group of 
21 patients with primary (idiopathic) OiVlD 
randomly selected from our database of 
patients with primary (idiopathic) dystonia. 
Both groups of patients were compared for the 
following clinical variables: age at onset, dura- 
tion of illness, type of movement disorder at 
onset} spread of symptoms and anatomical dis- 
tributionj any potential predisposing factors, 
and response to various medications, including 
the number of medications, and response to 
boculinum toxin A (BTX-A) therapy. The 
response to various medications and to BTX-A 
therapy was assessed using a previously de- 
scribed clinical rating scale. ^' The "peak effect" 
score, defined as the maximum benefit after the 
injection, was rated on a 0-4 scale based on the 
information provided by the patients, daily 
diary of their symptoms, and interview of the 
spouse or friends (0=no effect; l=mild im- 
provement; 2=moderate improvement; 
3=moderate improvement in severity and 
function; and 4=marked improvement in 
severity' and function). In the post-traumatic 
•group the following variables were also ana- 
lysed: injury and disability ratings the correla- 
tion between the severity of the injiiry and 
severity of the OMD, and latency between 
trauma and the first appearance of OMD. The 
additional information was obtained by a ques- 
tionnaire and a structured personal or tele- 
phone interview of the patients and their fam- 
ily members. 

STATISTICAL ANALYSIS 

The results of the response to medical and 
BTX-A therapy in both post-traumanc and 
primary groups were compared for significance 
using the two tailed Fisher's exact test. We 
compared both forms of the treatments for 
fujictional improvement scores (3-4) and no 
functional improvement (scores 0-2). Fisher's 
exact test was also used to determine the 
significance of the differences in the various 
clinical parameters seen in these two groups. 
The computer software used comprised SAS 
computer software by SAS Institute Inc, Gary, 
NC, USA, and Astute DDU Software, Univer- 
sity of Leeds, Leeds, UK. 

IU,USTRATIVE CASES 

Patient 1 

This 61 year old woman underwent a series of 
dental procedures such as gingivectomy and 
braces for six months in 1979. Afterwards, she 
had cosmetic filling of her maxillary teeth 
foDowed by placement of three separate 
bridges. On the same day of this last procedure 
she noticed abnormal jaw movements which 
caused displacement of the left bridge. Since 
that time she has been unable to wear her lower 
dentures. Her mouth and jaw movements 
worsened gradually over the next 16 years. The 
patient also had mouth soreness on wearing her 



dentures and had difficulty in speaking clearly 
due to the painful spasms. Four years before 
our evaluation, her movements occurred only 
while wearing dentures and completely re- 
solved within 30 minutes of their removal. The 
movements could be relieved by sensor>' tricks 
such as touching her tongue to the top of her 
mouth, biting her lips and, swallowing. The 
patient has been seen during the past 16 years 
by various dentists and physicians, without any 
medications being prescribed or a working 
diagnosis made. 

Bxamination disclosed repetitive deviation of 
the mandible to the left, particularly when 
speaking and chewing. She had bilateral 
masseter spasms and considerable difficulty in 
moving her jaw to the right, particularly when 
the upper dentures were in place. She was 
injected with 195 units of BTX-A over two ses- 
sions and experienced dramatic relief of her 
symptoms (gi-adc 4 improvement) for about 4 
months during v/hich she was able to wear her 
dentures without any discomfort. 

Patient 2 

This 42 year old woman had dentures fitted 
and correction of her overbite. She started 
adjusting her bite to get used to her new 
dentures. Three days after she started to use 
the dentures she noted difficulty in closing her 
mouth and experienced involtmtary protrusion 
of her tongue. This worsened when she 
attempted to eat and she was able to tolerate 
only pureed diet. She stopped wearing her 
lower dentures due to involimtary tongue pro- 
trusion and her inability to close her mouth. 
She used sensory tricks such as pulling her face 
up with a finger, which enabled her to eat, but 
still had difficulty in swallowing. She developed 
right temporomandibular joint pain and pop- 
ping of the joint. She was treated with trihexy- 
phenidyl, which helped her spasms but she 
continued to have difficult^' in eating. Examina- 
tion in the resting position disclosed that she 
had 6-7 Hz frequency jaw tremors with lip 
pursing movements. Her jaw was deviated to 
the right. On opening her mouth she had 
rhythmical movements of her tongue and she 
had considerable difficulty in closing her jaw. 
An attempt to eat resulted in protrusion of her 
tongue, which kept pushing her ifood out and 
she was unable to close her mouth because of 
drawing of her chin and lower jaw downward 
and backwards. She had considerable difficulty 
in swallowing. In addition to OMD, she also 
had associated involuntary contraction of the 
corrugator, frontalis, and orbicularis oculi 
muscles with blepharospasm while eating. 

Injections of BTX-A into the submental 
muscles on two occasions (25, 50 units) 
proiided a grade 3 improvement. She is now 
able to eac, but still has difficulty closing her 
mouth when she drinks. 

Results 

Twenty seven patients (18 women) fulfilled the 
inclusion criteria for post-traumatic dystonia 
(table 1), The average age at onset of dystonia 
was 50.11 (SD 14.15) (range 16-73) years 
with a peak between 50 to 60 years of age. The 
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Table 1 Clinkai features of parents vnih peripherally induced OMD 



Age at 
otuet/ 
No sex 



Type of injury 



JR 



73/F Bl fiidng liental bridge 



3 
4 

5 

6 

7 

8 
9 

10 
11 

12 

13 

14 
15 
16 



44/F 
42/>' 
5tfF 

37;f 

42#'? 

70/F 
58.'F 

62/M 
37/F 

53/F 

59/M 

62/M 
39/F 
47/F 



17 71/M 

18 Ifi/M 

19 55/F 

20 60/F 



21 



60/F 



22 68/M 



24 
25 
26 



24/M 

50/M 
33/F 
56/F 



27 40/M 



GiriKivectomy followed by braces 3 

Splint in TMJ 1 

Muldpie dentol procedures^ new 2 
dentures 

Facial Trauma 2 

Root canal creauneni 2 

Extraction of the lower molar with 3 
institution of plates 

Surgery on left gum 3 

Oral surgery 3 

Oral and facial irauina 4 
Maxillary and mandibul»r 4 
osteotomy 

II! fitting dentures, dentures 1 

implant 

Root canal treatment, tooth 2 

extraction, apiocTcmy 

Fronul sinus obliteration 3 

New dentures with coneaton 1 

MVA wi-Ji injury to chin and jaw, 3 

loss of teeth and broken dental 

plate 

Gum'infcciion with total dental 3 
extraciion 

Gum surgery on upper and lower 3 
gum 

New braces 1 

Crowning of upper molar 1 

Right TMJ arthroscopic surgery 3 

wi^h breaking of aclhesian. Joint 

manipulation, TMJ splint 

Root canai treatment molar 2 

extraction, placement of upper 

partials 

MVA facial injury 4 

Replacement of liie cap 2 

Facial and jaw injury ' 3 

Xew dentures which did not fit 1 
well 

Facial injury by UKitboll 1 



DR 


Latency 


Dystonia at onset 


Dystonia at present 


Pt/ssible predispcting facton 


2 


7 


SD 


oU, Kjyixjy craruai 


r; — — - 

Fsscntial trcrnor tor 20 y* h'o r( C, 






family history of tremor and TS 


3 


1 


OMD 


OMD 


None 


4 


7 


OMD 


OMD, CD 


Edennilous state for 5 y 


3 


14 


OMD 


CD. OMD 


3 


56 


Cranial, OMD, CD 


Cranial, OMD, 








CD 




3 


7 


CD, OMD 


CU, KjMlJ 










exposure to treat her CD 


3 


112 


OMD 






2 


5 


OMD 


OMD 


H\o nerve pill 20 years ago 


4 


10 


lingual 


Cranial, OMD, 


Bell's palsy 7 years ago. trigeminal 






CD 


neuralgia 


3 


J 80 


OMD 


OMD, CD 




4 


320 


OMD (unilateral jaw 


OMD 








dystonia) 


OMD 




3 


14 


OMD 




4 


7 


OMD 


OMD 




3 


150 


OMD 


OMD 




4 


3 


OMD 


OMD, cranial 




2 


42 


OMD 


OMD, CD 




4 


1 


OMD 


OMD 




2 


4 


OMD 


OMD 


Facial and abdominal ties 


3 


270 


Ungual 


OMD, CD, 


Face lift 9 years ago, n hypoglossal 






cranial 


palsy 


3 


14 


Facial 


OMD, CD. 










cr»ni:-il 




4 


3 


OMD 


OMD 


Facial tics 




90 


OMD 


OMD 




3 


365 


SD, OMD 


OMD, SD, CD, 


Delayed milestones with 








WC 


stereotypies 


3 


7 


OMD 


OMD, CD 


Fx h/o of tremor 


2 


7 


OMD 


OMD 




3 


30 


OMD 


OMD 




3 


224 


OMD, CD, cranial 


OMD, CD, 


ET 






cranial 





F=femalei M=malc; CD=cervicaI d>-stonia; SD=spa8mocic dysphonia; \VC=writer'$ cramp; ET=essential tremor; TS=Tourerrc's syndrome; IR=iniury rating 0=4; 
DRsdisability radng 0-4 < described cariicr); MVA=ir.otor vehicle accident; TMJ= temporomandibular joint; h/o=history of. 



average duration of symptoms from onset to 
the patient's initial assessment at our clinic was 
5.19 (SD) 3.86 (range 1-16) years. Four 
patients (5, 10, 23,. and 27) had trauma involv- 
ing their face or oral and dental structures. One 
patient (14) had frontal sinus obliteration. The 
remaining 22 patients had had at least one 
dental procedure before the onset of the OMD. 
The mean latency between the initial insult and 
the onset of the dystonia was 65 (SD 94) (range 
1-365) days. Twelve patients had the onset of 
their sjTnptoms within 1 week after trauma 
including two patients (2 and 1 7) who noticed 
the initial symptoms on the same day of the 
trauma. Most of our patients vmderwent exten- 
sive dental work before and after the onset of 
their symptoms with injury rating of 3 in 10 
patients, and 4 in three (average 2 (SD 1). Four 
patients (4, 12, 15, and 26) had ill fitting den- 
tures and one (1) had an ill fitting dental 
bridge. These patients gave a history of trying 
to adjust their bite by manipulating the jaw to 
adapt to the newly fitted dentures or the 
bridge. These manipulations and procedures 
were made before the onset of jaw spasms in all 



cases. There was no correlation between the 
injury grading and subsequent disability and 
severity' of the dystonia (table 1). 

All patients had s>Tiiptoms predominantiy 
involving the oromandibular region. The onset 
of s>Tnpioms was in the oromandibular region 
in 21 patients. One of these patients (11) had 
unilateral jaw spasms which progressed to 
OMD. Symptoms began as spasmodic dyspho- 
nia in two patients, in the tongue region in two, 
and in the face in one. One patient (6) had pre- 
existing cervical dystonia and the symptoms 
spread to the oromandibular region within 1 
week after root canal treatment and 1 year after 
the onset of her cervical dystonia. The spread 
of the symptoms to cer\'ical and cranial (facial 
and blepharospasm) region was noted in 52% 
of patients. 

Of the 27 patients, 10 (37%) had possible 
predisposing factors which may have made 
them more prone to developing dystonia after 
injury. Two patients (1 and 27) had essential 
tremor, two (1 and 24) had a positive family 
history of essential tremor, and one had associ- 
ated tics consistent with the diagnosis of 
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TabU 2 Comparison of primary and post-trawnatic OMD 





Primary 




Ki^v P/M 






T^iratiAn nf fcvmntAfn^ iwhMi 4ircr ^v^* 








3,62 


S.19 




3.18 


3.86 


Range 


1-12 


1-16 


Age at onset {yy. 








51.48 


50.11 


* SD 


12-5 1 


14.15 


BAngc 


2^74 


16-73 


Associated movement disorders (n (%)): 






Cervical dystonia 


7 (33) 


12(44) 


Blepharospasm 


7 (33) 


8(30) 


Writer's cramp 


6(29) 


1 (4)* 


Spasmodic dysphonia 


8 (38) 


2(7)* 


Essetiiial tremtir 


3(14) 


2 a) 


Sensory aicks 


7(33) 


9 (33) 


Pain 


6 (29) 


14(52) 


Family history of MD 


7 (33) 


2(7)* 


Bruxism 


7 (33) 


1(15) 



*p<0.05. F=female; M^male; MD=movement disorder. 



Tourette*s syndrome. One patient was edentu- 
lous before placement of the denturesjj but had 
no histor>' suggestive of edentulous dyskinesia. 
She developed her symptoms 14 days after the 
placement of new dentures. One patient (6) 
had pre-existing cervical dystonia and had 
received haioperidol as a treatment for her cer- 
vical dystonia. Other conditions that may have 
predisposed these patients to peripherally 
induced OMD included possible exposure lo 
neuroleptic drugs 10 years before the onset of 
dystonia, a history of tics, hypoglossal palsy, 
and a liistory of cosmetic facial surgery. Bell's 
palsy, trigeminal neuralgia, and delayed devel- 
opmental milestones. As none of these possible 
predisposing factors have been validated, with 
the possible exception of family history of 
tremor, their relevance^ if any, to the aetiology 
of dystonia in these patients is unknown. 

Four patients {6, 9, 21, and 25) developed 
nocturnal bruxism after the onset of OMD with 
family history of bruxism in one (21). Three of 
these parients (21 and 25) also had diurnal 
bruxism. Five patients (3, 11, 15, 21, and 25) 
had associated temporomandibular joint symp- 
Tomsj two (15 and 25) after the onset of their 
OMD, Three patients had temporomandibular 
joint symptoms before the onset of OMD. Two 
patients (3 and 21) had a temporomandibular 
joint syndrome, the treatment of which might 
have triggered the onset of OMD. One of these 
two had a temporomandibular joint splint and 
the other had temporomandibular joint arthros- 
copy before the onset of OMD. Three of the 
patients had extensive oral and temporoman- 
dibular joint surgery with worsening of their 
OMD after each intervention. 

We compared this group of patients with 
post-traumatic OMD with 21 randomly se- 
lected patients (15 women) with primary 
OMD from our database as a control group. 
Their mean age at onset was 51.48 (SD 2.51) 
(range 23-74) years. The average duration of 
symptoms from the onset to our initial e^'alua- 
tion w^as 3.62 (SD 3.18) (range 1-12) years. 
Three patients had the onset of their dystonia 
in the cervical region, four had spasmodic d>^- 
phonia at onset, whereas two patients had their 
symptoms at onset in the cranial region. Seven 
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patients had bruxism and four patients had 
temporomandibular joint symptoms. 

There was no difference in any of the clinical 
variables when the two groups of OMD were 
compared (table 2). Although associated pain 
was more frequent in the post-traumatic group 
than in the primary group, the difference did 
not reach significance. Both groups used 
sensory tricks to alleWate their dystonia to the 
same degree. TTie most common sensory trick 
used by patients in both groups was bending 
their neck forward, which enabled them to eat. 
Essential tremor was the most often associated 
movement disorder in primary OMD com- 
pared with post-traumatic OMDj however, this 
difference did not reach significance. A family 
history of movement disorders was notably less 
frequent in the post-traumatic group (p<0,05). 
The frequencies of spasmodic dysphonia 
(p<0.05) and UTiter*s cramp (p<0.05) were 
less common in patients with post- traumatic 
OMD than in the primary OiVlD group. Asso- 
ciated bruxism was less frequent in post- trau- 
matic than primary OMD, but this difference 
did not reach significance. 

The phenomenology, including the presence 
of resting or action dystonia, was similar in both 
groups. Tlie spread of the symptoms to a 
contiguous anatomical region seemed more 
rapid in the post-traumatic group than in the 
primary group, but these data were not available 
on all patients due to inability of the patients to 
recollect the details of the spread of the initial 
symptoms. The severity of the symptoms was 
more pronounced in post-traumatic than pri- 
mary OMD; however, the comparison of the 
disability scores did not reach significance. 

Both groups received medical treatment and 
BTX-A injections. The average number of 
medications used in the post-traumatic group 
was four per patient and in the primary group 
three per patient. In the post-traumatic group 
12 patients received trihexyphenidyl, which 
was the most commonly used drug. Baclofen 
and clonazepam were the next most common, 
used in six and seven patients respectively. The 
patients with jaw opening OMD received 
BTX-A injections in the submentalis complex 
whereas patients with jaw closing dystonia were 
predominantly injected in the masseters. In 2 1 
patients who received BTX-Aj nine (43%) had 
no functional improvement (scores 0, 1, and 2) 
and 12 (57%) patients had functional improve- 
ment (scores 3 and 4). In the primary group, 19 
patients received BTX-A therapy. Six (32%) of 
these had no functional improvement, but 13 
(68%) reported meaningful functional im- 
provement. We compared the results to medi- 
cal treatment using the same criteria and Fish- 
er's exact test. The results indicated BTX-A 
therapy to be superior to the various forms uf 
the medical treatment (p< 0.005) in both 
groups. Five patients in the" post-traumatic 
group and 11 in the primary group had 
complications after their first injections such as 
jaw weakness, loss of smile, dysphagia, nasal 
regurgitation, and jaw tremor. These complica- 
tions were not seen with dose adjustment and 
improved techniques in subsequent treatment 
sessions. 
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TbbU 3 Summary of studies of post-traumatic oromandibular dystonia 



Authorfycar 


Naturt of cAtf trauma 


Patients (ti) 


Launcy (days) 


PbiiibU predisposing facton 


Suicher<r a/ 1971** 

Jankovic and Van der Linden 1985^ 

KoUereta/ 1983" 

Thompson et at 1986" 

Brin « al 1986-^ 

Present study 


lU Oituig dentures 
Facial trauma 
Denial extraaion 
Dental 
Oral surgery 
Orofacial trauma 


4 
1 

Not known 

1 

2 

27 


Not known 
12 Monlhs 
Not known 
Not known 
3 Days to a week 
65 Days 


Loss of proprioception 
Dcvelopmcncal delay 
None 
None 

Noi known 

Family history of movemeni ilisunterj prior exposure lo 
aeuroleptks, associated dystonia, essential tremor. 



Discussion 

Oromandibular dystonia is a focal dystonia 
which causes involuntary mouth closure or 
opening, deviation of the jaw, facial grimacing, 
and tongue movements. It may be accompanied 
by involuntary closure of the eyes (blepharos- 
pasm), strained or breathy voice (spasmodic 
dysphonia), cervical dystonia, or other move- 
ment disorders. Often misdiagnosed as a "den- 
tal problem", "temporomandibular joint syn- 
drome", "psychological disturbance", or 
"bruxism", OMD may cause considerable 
functional and psychosocial disability.^* The 
dystonia may be present only while eating and 
can be relieved by sensory tricks such as touch- 
ing the face, pinching the neck, and bending the 
neck forward. The symptoms of OMD can be 
worsened by emotional factors, which is one of 
the reasons for the delay in the diagnosis. The 
cause of OMD is usually unknown (primary or 
idiopathic), but it may be associated with 
neuroleptic exposure, CNS trauma, hypoxic 
brain damage, metabolic disorders, and ischae- 
mic or demyelinating lesions in the upper brain 
stem.'^ Rarely, peripheral trauma can induce 
dystonia. Although the concept of peripherally 
induced dystonia was first met with some skep- 
ticism, the notion that local trauma can lead to 
dystonia of the involved body part, sometimes 
also referred to as the dystonia-causalgia 
syndrome, is now well accepted.*"*^ Peripherally 
induced dystonia, howevefj is often not recog- 
nised, particularly if the trauma is relatively 
trivial or the latency between trauma and the 
onset of dystonia is longer than a few days. 

The clinical features of peripherally induced 
OMD in our series were similar to those of pri- 
mary OMD, with a few exceptions. Severity of 
symptoms and progression of the disease were 
more prominent in the post-traumatic group. 
Frequency of associated movement disorders 
such as essential tremor, bnixism, wTiter*s 
cramp, and spasmodic dysphonia was lower in 
the post-traumatic group than in the patients 
with primary OMD, but the difference was sig- 
nificant only for writer's cramp and spasmodic 
dysphonia (table 2). Post-traumatic OMD had 
a lesser tendency to spread to contiguous or 
non-contiguous segments when compared 
with primary OMD. Family history of move- 
ment disorders was also less frequent in the 
post-traumatic group (7%) than the primary 
group (33%) (p<0.05). These data, however, 
must be interpreted cautiously because of the 
few cases in each group. The use of sensory 
tricks to relieve the dystonia was seen in both 
groups. This is by contrast with the usual 
absence of sensory tricks in other post- 
traumatic dystonias, such as cervical 
dystonia." 



Peripherally induced OMD has received lit- 
tle attention in the neurologial and dental 
hterature and its true prevalence is unknown. 
In 1971, Sutcher et af'^ described four patients 
who developed jaw opening OMD after 
obtaining ill fitting dentures. Their patients had 
worn these dentures from a minimum of 1 year 
to many years before noticing the abnormal 
mouth movements. In our series four patients 
had new sets of dentures, including one patient 
with an ill fitting dental bridge. The patients 
with ill fitting dentures had a history of 
manipulating their jaw position using their jaw 
muscles to gel used to the new dentures. These 
malaligned dentures may have caused an 
impairment of proprioception of the oral cavity 
leading to subsequent development of dystonia 
or so-called "edentulous dyskinesia".""^ ^' We 
included one patient with OMD after facial 
injury in our original series of patients with 
peripherally induced dystonia.^ In a series of 
patients with unilateral jav/ and hemimastica- 
tory spasms, Thompson et aP' described a 42 
year old woman who developed unilateral jaw 
dystonia after a dental extraction similar to that 
of our patients. Brin ei aP briefiy reported a 
series of 23 patients with post-traumatic limb, 
axial, cervical, spasmodic dysphonia, and gen- 
eralised dystonia and included two patients 
with OMD after oral surgery. KoUer et at in 
their review of post-traumatic movement disor- 
ders described patients developing OMD after 
tooth extraction, but did not provide any 
details about the latency between the dental 
work and subsequent development of dystonia 
(table 3). 

Our study shows that OMD can occur after 
an injury, oro-mandibular surgery, or a dental 
procediire. Although the relation between such 
insults and the subsequent development of 
OMD may be purely coincidental, the tempo- 
ral and anatomical association, however, argues 
in favour of a cause and effect relation. 
Fourteen of our patients, eight with cranial 
dystonia before trauma and six with spread to 
cranial structures beyond the oromandibular 
region, may possibly have had or were signifi- 
cantly predisposed to developing cranial dysto- 
nia and the trauma may have exacerbated or 
precipitated the onset. Various predisposing 
factors, such as an associated movement disor- 
der, family history of tremors, edentulous state, 
exposure to neuroleptic drugs, and peripheral 
nerve injury may contribute to the develop- 
ment of this movement disorder under some 
circumstances or in certain vulnerable people 
(table 3).' Seven of our 27 (26%) patients 
had possible predisposing factors such as a 
family history of movement disorders, prior 
exposure to neuroleptic drugs, delayed 
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milestones, history of movement disorders 
such as cervical dystonia, essential tremor, and 
tics."* ' It is not known, however, whether 
these factors play an important, or any, part in 
the mechanism of peripherally induced OMD. 
Fletcher et oF suggested that peripheral injury 
could trigger the onset of dystonia in geneti- 
cally predisposed persons with primary gener- 
alised dystonia and that dystonia worsened 
after each subsequent injury. We made a simi- 
lar finding in one of our patients who had pre- 
existing cervical dystonia and developed OiMD 
after root canal treatment. Three other patients 
noted exacerbation of their OMD after repeat 
oral surgeries. No correlation between the 
severity of the trauma and subsequent develop- 
ment of d^'stonia was established in our study 
(table 1). 

A causative relation between peripheral 
injury and subsequent dystonia has been diffi- 
cult to establish experimentally and there is no 
animal model that adequately mimics the clini- 
cal syndrome. Some experimental studies, 
however^, suggest that peripheral injury can 
lead to reorganisation at cortical, subcortical, 
and spinal cord level resulting in motor 
dysfunction. The relation between peripheral 
trauma, pain, dystonia, and the frequent 
association with reflex .sympathetic dystrophy 
ftirther supports the notion that pathways sub- 
serving pain and those involved in motor con- 
trol are important for peripherally induced 
movement disorders.' Direct demonstration 
of a relation between pain and basal ganglia 
came from de Ceballos et alr^ They showed 
that a thermal injury to one hind limb in rats 
resulted in a delayed onset withdrawal of the 
aifected limb and this ^ns associated 'Aith a 
marked reduction of met-enkephalin and 
leu-enkephalin concentration in the globus 
palhdum bilaterally and only met-enkephalin 
in the caudate and putamen. These changes 
were most pronoimced contralateral to the 
injured limb. They considered that the peptide 
changes occurred in response to the injury and 
were responsible for the subsequent motor 
impairment, 'lliere are many other examples of 
cortical or subcortical reorganisation in re- 
sponse to altered peripheral sensory input.'^" 
Further evidence for cortical changes after 
peripheral injury is the finding that patients 
with amputated limbs show larger motor 
evoked potentials and recruit a larger percent- 
age of the motor neuron pool after transcortical 
stimulation in muscles proximal and ipsilateral 
to the amputated limb compared with the con- 
tralateral limb.^' " 

Oromandibular dystonia, whether primary 
or post-traumatic, can lead to secondary com- 
plications. Bruxism, often associated with 
markedly increased dental wear, was more 
common in primary OMD (33%) than in 
post-traumatic OMD (15%), and 19% of our 
patients had associated temporomandibular 
joint s>'n drome, irrespective of the aetioiog>' of 
the OMD. Therefore, to prevent these and 
other complications, prompt and appropriate 
treatment of OMD is important. Our findings 
suggest that OMD (primary and post- 
traumatic) responds poorly to various medica- 



tions commonly used to treat dystonia, such as 
trihexyphenidyl, baclofen, and clonazepam. 
Injections of BTX-A into the affected muscles, 
although usually effective, is sometimes com- 
plicated by dysphagia and jaw weakness. Tliese 
complications were encountered in 19% of the 
patients with post-iraumatic and in 52% of 
those with primary dystonia. The complication 
rate, however, can be minimised if the treating 
physician has a detailed knowledge of the anat- 
omy of oromandibular muscles and is skilled 
and experienced in treating this form of dysto- 
nia. 

Despite growing evidence supporting the 
relation between trauma and subsequent devel- 
opment of dystonia, the physiological and bio- 
chemical meachanisms of peripherally induced 
dystonia, including OMD, are not well under- 
stood. Our scries broadens the range of periph- 
erally induced movement disorders and draws 
attention to the often unrecognised post- 
traumatic OMD. 

We express oar graiicude to Dr Myrna Khan for her assiscaocc 
widi the statistical analysis. We thank Kenneth Schwarts and 
Jenny Beach for their technical assistance. Wc also thank the 
National Parkinson Foundation and the RSMIS Foundation for 
their generous support. 
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HISTORICAL NOTES 



Early days of the tuning forkj 



Neurologists have for many years used the 
tuning fork both as a crude test for hearing, by 
means of the classic tests of HA Rinne 
(1819-1868)'-' and Weber-Liel (1832-1891), 
and for vibration sense. In Pavia, Italy, G 
CardanOj astrologer, physician, and mathema- 
tician, in 1550 suggested that sound could be 
transmitted through the bony skull as well as 
through the air and a few years later, H 
Capivacci, a physician in Padua, used this 
phenomenon as a means of differentiating 
between middle ear and nerve deafness.* The 
technique was then used by a German 
phj'sician G C Schelhammer in 1 684 who used 
a simple table fork. But, the study of ear 
diseases was in its infanc>' and little progress 
was made for two centuries. 

The tuning fork was invented in 1711 by a 
John Shore, trumpeter and lutanist to both 
Henry Purcell and George Frederick Handel in 
l^ondon. The tuning fork found a place as a 
musical instrument employed in the concert 
halls, churches, and chamber music ensembles 
throughout Europe. It started as a small steel 
instrument consisting of a stem with two stout 
flat prongs, which on being made to vibrate 
produced a musical note of constant pitch, thus 
serving as a standard for tuning musical instru- 
ments and in acoustic investigations. In 1799 
Young observed': "The fundamental note was 
found to be one sixth of a tone higher than the 
respective octave of a tuningfork marked C" 

E F F Chladni. a physicist in Wittenberg in 
about 1800, first systematically studied the 
mode of vibration of the tuning fork with its 
'odal points. Using sets of tuning forks, he. 
^de a musical instrument that failed to 
ieve popularity. J H Scheibler in Germany 
S34 produced a set of 54 tuning forks with 
of 220 Hz to 440 Hz, at 4 Hz intervals, 
's, J Lissajous created a timing fork with 
ance bos, intended to represent the 
mal standard of the note with 435 
per second, but this too was not 
cccpted.* K R Koenig, a Parisian 
ivised a clever clockwork mech- 
oroduced a continuous vibration 



and soimd in the tuning fork. Hermann von 
Heimholtz in 1 863 also used sets of electro- 
magnencally powered tuning forks to elicit the 
sensations of tone. Until the electronic valve, 
the tuning fork was the only instrument that 
produced sinusoidal vibrations of standard 
duration. 

Huizing" ' has reviewed the early papers on 
timing fork tests of deafness. He relates that in 
1855 Rinne compared hearing by air and bone 
conduction, and used the tuning fork for the 
diagnosis of deafness. However, before Riime, 
Polansky in 1842 gave a detailed but forgotten 
description of the test and of its application in 
deafiiess. Schmalz in 1 849 had made similar 
observations. Curious!}^ Rinne's report was 
also lost until Lucae (1880), Emerson (1884), 
and Schwabach (1885) confirmed the value of 
his work, since when it has retained the name of 
Rinne but not of Polansky. 

Vibration sense 

The concept of proprioceptive fimcnon, devel- 
oped by Landry, Bell, Bastian, Ferrier, and oth- 
ers in the 1 9th century', advanced at the oirn of 
the 20th century, and was further advanced by 
Sherrington* and later Haldane": "The receptor 
organs are those parts of the living organism 
which are specially sensitive to the changes going 
on around them. Some of ihem are affected by 
the changes going on inside the body in muscles 
and joints and in the organ of balance (proprio- 
ceptors), others by the changes taking place in 
the world outside (exteroceptors).'* 

Kuhne showed the presence of propriocep- 
tive receptors in muscles ("Kuhnc's spindles") 
in 1862-3. 

In Gowers' textbook of 1888*° we find 
tactile, thermal, and pain sensory tests but he 
omits the sense of vibranon. It was not imtil the 
beginning of the 20th century that tuning forks 
were applied to bony prominences and muscles 
to elicit "vibration sense" which was recognised 
as a crude method of testing neural pathways 
similar to those used in proprioception. Vibra- 
tion was but repeated touch." 

Continued on page 733 
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options and the efficacy of this treatmeni is mosUy satiafactory. However, it is 
not complete and then there are some stones in CBD which not smashed or 
crashed by ESWL. 

^ To analyze the CBD.stone residues thai ESWL was not effective 
M^mdl Twenty nine patients with CBD stones (Male 17. Female 12, mean 
age 68,1 yrs. range 33-90 yrs) were treated initially with ESWL (Richaid Wolf 
Piezohth 2500) under radio focusing via PTCD, PTGBD and ENBD route. 
For the CBD stone residues that ESWL faUed to ^mashed completely, 
endoscopic lithotripsy (EL) by using basket catheter Was carried out after 
endoscopic sphincterotomy (EST) or endoscopic papillary baUoon dilatation 
(fcPBD). The recovery of these CBD ^tone residues were analyzed using the 
infraied spectrophotometry. 

fiaiala #1. Twenty patients (69%) with 1.5 stones (mean) were tieated 
successfully with only ESWL The average of ESWL frequency was 5.7. #2 
Eight paiiCTits (28%) with 33 stones (mean) were failed to smash with ESWL 
and then EST or EPBD was added to remove the stone fragmenis. #3. In the 
case of Mirizzi's syndrome (3%), a part of stone remained in the cysdc duct, 
then the surgical treatment was carried ouL #4. These stone residues (n=4) 
were analyzed by the infrared spectrophotometry and the major conmoneni of 
these residues was bilirubin calcium and the minor componenu were fatty 
acid calcium and cholesterol, 

Cpm^lm^n These results suggest thai «l. ESWL is an effecUvc treatment for 
the patients with CBD stones, and ESWL foUowing endoscopic lithotripsy 
raise the clearance rate of CBD stones and #2. the solidity of stones is a key 
factor whether the additional lithotripsy is necessary or not. 

• G2185 

JVIMEDUTE REDUCTION OF PANCREATIC SO PRESSURE AFTER 
ENDOSCOPIC INJECTION OF BOTULINUM TOXIN (BoTox): 
ns«»LICATIONS FOR PREVHVnON OF ERCP-INDUCED 
PANCREATmS. PI Okolo in. S Hill. K Wadwa, CA Magce. PJ Pasricha, 
I AN Kalloo. The Johns Hopkins School of Medicine, Baltimore. MD. 
\ ^^^Z^ ^ ^ potent presynaptic inhibitor of cholinergic neurotransmission and 
^ — smooth muscle contraction. Pancreatic sphincter 

dysfiincdon has been implicated in the pathogenesis of ERCP-induced 
, pancreatitis. We hypothesize diat intrasphincleric BoTox will decrease 

pressure with important implications 
Methods: The study was performed in 2 phases. In the fust phase (phase 1) 
we assessed the immediate effects of Botox on pancreatic SO motility The 
pahcreatic SO was identified by pancreatography and motility tracings were 
obtained usmg a low compliance pneumohydnuUc capillary inftision system 
befobe and Immediasety after BoTox injection. In phase 2, 8 dogs weiv 
randomized to either intnisphiocteric injection of BoToX or saline using a 
standard sclerotherapy needle into both major and minor papiUae. Next 
pancreatitis was induced as previously described by radiographic contrast 
mjecuon mio the pancreatic duct under constant, pressure for 120 seconds 
while Bcinaiization was demonstrated . fluoroscopically. 72 hours later, 
pancreatectomies were performed and the pancreatic specimens were sconxJ 
by a blinded veterinary pathologist according to the degree of inflaramation 
teidts: Pbasel: In the BoTox group, diere was a mariccd reduction in basal 
SO pressure fbUowing BoTox ii^ection (mean 15.66 ±2.08 vs 1.66 ± 1 15 
imnHg, p=0.046);».This effect was immediate. Phase 2: Using a graded score, 
the BoTox grpup had less inflammodon than the saline group (17.5* 13.70 
vs. 23*22.41), This diCfcrcnce was. however, not stadsticaUy significant 
using the Mann-Whitney-2.8ample statistic (Pc 0-66). Condoaioii: BoTox 
has an immediate effect in significanUy reducing pancreatic SO pressure This 
may have important impUcations for conditions where SO spasm may play a 
role such as ERCP induced pancreatitis. This reduction in pancreatic SO 
pressure may be dierapcuiically useftil in conditions such as pancreatic SO 
dysliinction and in facilitating pancreatic endotherapy. 

G2186 

ftnOlOENDOSCbPY. M, Qrtngr. MilUnerbein*. J.Weber. J.Wirth 
P.ScWag*, HXochs, IV Medical Dep. Charitd. Suigical Dep. Robert-Rilssle** 
Humboldt-Universiiy. Berlin. Germany 

3Pri^girQnn^; Visualization of small intrahepatic bile ducts and pancreatic 
stenosis by die perorally route can soraeUracs be difficult or impossible. Ainu 
To evaluate if new designed miniendoscops can overcome tfiese prxjblems. 
Wftods i In seven patients cholangioscopy with standard instruments have 
failed to reach small intrabepatic bile ducts or could not bypass a stenosis in 
the bile duct or pancreatic duct These patients were examined with 
miruendoscops of 0.6mm 3^000 pixel, 0.8 mm 6^000 pixel and 0 1mm 
10^000 pbtcl (ESA, Switzcriand). Indications were evaluation of intrahepatic 
tumor spread in two patients with cholangiocarcinoraa, suspected intrahepatic 
Stones t>y ultrasonography not confirmed by ERCP in two patients, die dignity 
of a bile duct stenosis in one patient and suspect stenosis in chronic 
pancreatitis in two other patients. Resnlts: These endoscopes can easily be 
ratroduced by means of 6 to 7 French cadicters. They are also radioH)paque 
and so one can control the position by x-ray. The micro digital direct coupler 
camera-head with die 1/3 InchCCD-camera and the optic fiber bundle can be 
completely disinfected and sterilized (50*0. Different optics (45*»,90" etc) 
can easUy be attached darir^ the procedare. In our first experiences ail ' 



BlUaiy Diaordera A636 

regiolu Of interest could be reached with tiicse new miniendoscops and 
opticai^y exceUent pictures could be taken in,the intrahepatic small bUe ducts 
or m the steoosed but . the view in dilated , common bUe ducts is 

momentarily hnuted. For inspection of die ducts, endopiostiieses do not have 
to be removed, because tiiey can also easily be inseited beside tiiem. At die 
raomem an insmimentatipn chamiel is lacking. £2ftn£liistaxu Fust experiences 
indicate diat tfiese miniendoscops could be of substantial value in special 
indicabons. Due to the low prices of tiiese new miniendosoiipes tfiey could be 
additionally used m special indications. Fuitiier experience is necessary to 
^ tter value m visualization of small ducts and otherwise wnpasrable stenosis 
Mim endoscopes supplied freely by ESA. . 

• G2187 * 

PTOTODYNAMIC THERAPY OF NON-RESECTABLE CHOLANGIO- 
^^i^^^?^?^. ^^-^ JXiebetruth*. A.Giesse. M.Hanft, 
J.Weber^ J.Wirdi, HXochs. 4th. Med Dep., Surgery Dep.* Chants Univcnjity 
Beriin,. Germany ' 

SSS^^^"*^^ survival time in advanced cholangiocellular carcinoma 

(CCQ 18 veiy poor widi an average of 147 days. In a pilot study 
photodynamic therapy (FDD showed good clinical result on jaundice and 
survival time (median 439 days). The aim of this study was to evaluate tiiesc 
preliminary results in a greater number of patients before initiating a 
randomized multicentcr trial. Primiaiy outcome parameter was reduction of 
cholestasis, secondary parameters were Quality of Ufe (Kamofsky index) and 
survival time. Me^hp^gi Twenty-one patients (age: median 59 (40 - 85). 
10 female, 11 male;) with non-cesectable CCC (Bismutii type: 17 IV. . 3 IHa. 
1 II; Stage: 6 IV a, 14 IV b, I III) underwent PDT in addition to endoscopic 
dramage. TTie hematoporphyrin derivate Photofrin H (Quadra-Logica, 
Amster^ HoUand) was inf^ised intravenously (2 rag/kg bodyweight) and 
intraluminal photo-activation was performed by Argon dye laser two days 
later (wavdcngtii 630 nm, 310 mW/cm^ 180 J/cm^. 400 pm fiber with 2.5'cm 
^i^"" f!F^^ BfflHltfil Bilirubin decreed froiil 

201.26 ± 189.25 pmol/l.to 68.87 ± 78.27Mmol/l (p o 0.0051) and Kaniofsky. 
index in^rovcd from 49.04 ±28.79% to 7Z85± 19.01% (p « o.dOS) 
mrteen patients died (median survival time 336 days) and 8 patients are still 
alive (median survival time 504.5 days by an bbseiVation time of 292 to 739 
days) (Table). Coyi^Mjgp; PDT seSems to be a useful' tiierapautic appioadi for 
non-resectable CCC It is necessary to confirm* tiiese data in ari extended 
randomized multicenter study. 

amfvainoiGafln 
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• G2188 

im VALUE OF PERORAL CHOLANGIOSCOPY. M. Qmi^r D.Graebe. 
^Weber. J.Wixtii. RLochs. IV.Medical Dep. Chariii, HuiDbDldl.Univentity 
Beriin. Germany . . . 

PacKfirennd; Cholangioscopy in the motiier-baby technique is weU accepted 
and widespread tiiese days. Almi In our study we wanted to evaluate how 
often die peroral approach is possible and if cholangioscopy brings more 
infOTnanon tixan convcmtional ERCP. Methods- From 1995-1997 
diolmg^osocpy was performed in 89 patients in our department Pentax and 
Fuji Babyscopes and percutaneous Olympus cholangioscops were used. The 
mdjcaiion was aiagnostic in 49 patients, tiierapeutic in 18 patients 
(12 photodynamic Iheiapy in cholangiocarcinoma, 6 laser-Udiotiipsies) and 
tumor control after PDT in 22 patients. Bsiiltai In 83 patients (93.26%) die 
peroral route was possible and in 6 patients (6.74%) a percutaneous 
cholangioscopy had to be performed. In 82 of 83 patients (98.8%) die region 
of mtaest (»uld be iiupected by peroral cholangioscopy. Biopsies or 
cytology bnishing tiuongh die peroral cholangiocops is still a problem. It was 
technically possible in only' 12 patients (14.45%). In the otiier patients 
sai^les were obtained by fluoroscopic control (57 biopsies. 56 cytologies). 
Rsroral diagnostic cholangioscopy (46 patients primary diagnostic and 21 
f '^"^ ^^^^^^ confirmation of the ERCP diagnosis in 48 patients 
(71.4%). lead to change of the diagnosis in 4 patients (5.9%). In 21 patients 
the tumor extensioo was larger tiian seen by ERCP (3134%). The suspected 
cholangioscopic diagnosis was wrong in 4 patients (5.9%). Vxx>m the 16 
Ih^peutic cholangioscopies all beside one laserlitiiotripsie could be 
performed successfully. Complication did not occur. Conclusion; Perxsnil 
cholangioscopy Is a safe, technicaUy easy procedure. The correct diagnosis 
can be established in tnost patients, although die biopsies techniques timjugh 
die scope have to be improved. 
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^rebrospinal Fluid N uropeptides and Monoaminerglc 
Ijfransmitters in Patients With Trigeminal Neuralgia 



iMdtthias Strittmatter, MD; Markus Grauer; EIke Isenberg, MD; Gerhard Hamann, MD, PD; 
|0l)fi$tian Fischer; Karl-Heinz Hoffmann; Franz Blaes, MD; Klaus Schimrlgk, MD 



[The pathogenesis of trigeminal neuralgia remains iargefy 
unknown. "Peripheral' as well as "central" causes have been 
luggasted. To investigate the role of serotonergic, noradran* 
^gic; dopaminergic and peptidergic systems, we determined 
lie concentrations of epinephrine, norepinephrine, and their 
breakdown product vaniilylmandelic acid, in the cerebrospl- 
lal fluid of 16 patients (5S^ ± 8.3 years) with trigeminal neu- 
^raigla. As a marker for the dopaminergic system, we deter- 
Jn^ined csrebrospinal fluid concentrations of dopamine and its 
l^etaboiite, homovanillic acid. As a marker for the serotoner- 
gic system, we measured cerebrospinal fluid levels of the se- 
^tonin metabolite, 5-hydroxytndoleacetlc acid. In addition, 
javeis of the neuropeptides, substance P and somatostatin, 
ware determined. 

I The concentration of norepinephrine lP<0,0^) and its 
metabolite, vantllylmandelic acid, {PkO.QS) were signifi- 
llantly decreased in our patients. The levei of the dopa- 
^^ine metabolite, homovanillic acid, was also significantly 
reduced (P<0.01). Also significantiy decreased was 5- 
iydroxyindoleacettc acid {P<0.01). Substance P was sig- 
Ipicantly elevated (P<0.05}. Somatostatin was significantly 
Idecreased IP<0.05|. 

We hypothesize that the sum of complex neurochemi- 
:ai changes plays a role In the pathogenesis of trigeminal 
iwuralgia. The elevated substance P could support the con- 
cept of a neurogenic inflammation in the trigeminovascular 
system, whereas changes In the monoaminergic transmit- 
Iters and their metabolites seem to reflect a more central 
'dysfunction possibly due to a longer duration of the dis- 
ease and an accompanying depressionj 

l^jCey words: trigeminal neuralgia, CSF, transmitters, pain, 
neuropeptides, substance P 

Abbreviations: VMA vaniilylmandelic acid, 5-HIAA 5- 
hydroxytndoleacetic acid, HVA homo- 
^ vanillic acid, MPQ McGill Pain Question- 

naire, PRI pain rating index, HPLC high pres- 
sure liquid chromatography 
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The pathogenesis of trigeminal neuralgia re- 
mains unknown. None of the numerous neu- 
roanatomical,''^ neurosurgical,^* and neurora- 
diological studies^ explain the characteristics of 
the pain in trigeminal neuralgia, such as the sud- 
den onset and the cessation of pain, the separa- 
tion of the trigger zone from the area of pain, 
and the absence of sensory loss, even during 
the refractory period. Although many findings 
suggest a peripheral cause due to a chronic-in- 
termittent irritation of the trigeminal nerve, some 
hypotheses involving central concepts such as 
reverberating circuits, ephaptic connections, and 
a disturbance of central synaptic activity have 
been postulated.^-^ 

Neurochemical studies point to a local inflam- 
mation of the trigeminovascular system in which 
the release of excitatory neuropeptides, such as 
substance P and somatostatin, plays an impor- 
tant role.^-^ It is suspected that these mediators 
lead to plasma extravasation through an in- 
crease in the permeability of blood vessels. The 
changed interstitial environment and a stimula- 
tion of macrophages and mast cells result In an 
increased nociception and a perpetuation of the 
chronic inflammation. These local neurochemi- 
cal processes are probably under central con- 
trol. While there is little doubt that descending 
serotonergic and adrenergic systems modulate 
nociceptive transmission through the trigeminal 
system, it is not known whether these descend- 
ing systems directly control neuropeptide re- 
lease at the level of the primary afferent neu- 
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The goal of this study was to determine the con- 
centrations of the neurotransmitters, epinephrine 
and norepinephrine, as well as their breakdown 
product, vaniilylmandelic acid (VMA), in the cere- 
brospinal fluid (CSF) of 16 patients with trigeminal 
neuralgia. As a marker for the serotonergic sys- 
tem, we measured the breakdown product of se- 
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rotonin, 5-hydroxyindoIeacetlc acid (5-HIAA); as a 
marker for the dopaminergic system, we measured 
its breakdown product, homovanilllc acid (HVA). 
tn addition, the levels of the neuropeptides, sub- 
stance P and somatostatin, were determined. 
These neurochemical parameters were correlated 
with each other and with the results of the McGill 
Pain Questionnaire (MPQ) to gain more insight into 
the pathophysiological mechanisms of trigeminal 
neuralgia. 

PATIENTS AND METHODS 

Patients. — Our study included 16 patients (mean age 53.3 
± 8.3 years, 11 men, 5 women) with trigeminal neuralgia. 
The average duration of disease was 5.2 ± 2.5 years, rang- 
ing from 2 to 10 years. Inclusion criteria were, according 
to the definition of the international Headache Classifica- 
tion, a paroxysmal, unilateral pain that can be triggered in 
the anatomical region of the trigeminal nerve, without any 
sensory or motor focal symptoms in this region." Exten- 
sive tests including MR! and angiograms showed no cause 
for the trigeminal pain. All patients underwent conserva- 
tive treatment until the onset of the study and received 
carbamazepine during the study in varying doses {600 to 
1400 mg). None of the patients had received centrally ac- 
tive drugs such as antidepressants or neuroleptics. 

The average frequency of attack during the study was 
5.7 t 2.2 per day. The subjective intensity of attacks was 
recorded with a standardized questionnaire (l^weak, 
2=moderate. 3=severe); the average intensity was 2.3 ± 0.6 
{Table M 

To get a more differentiated picture of the pain, the patients 
were asked to fill out a German version of the MPQ.^*-'* The 
MPQ consists of a list of words {called items) that are ar- 
ranged in groups and which describe pain sensation. The 
patient picks one word from each group. Each word has a 
defined point value attached to it and is classified as to 
whether it describes the sensory, affective, or evaluative 
qualities of pain. The number of words chosen per subcat- 
egory (affective, evaluative, and sensory) and the total point 
value, the so-called pain rating index (PRI), are computed. 
This gives an indication of the intensity and quality of the 



Table 1.— Patient Characteristics 



Duration Frequency Intensify 
oi of of ^ 

Patient Sex Age» y Disease, y Attacks/d Attacks* 



1 


M 


44 


3 


5 


2 


M 


54 


4 


7 


3 


M 


59 


6 


4 


4 


F 


65 


7 


9 


5 


F 


54 


5 


6 


6 


M 


49 


3 


10 


7 


F 


41 


2 


6 


8 


M 


56 


5 


5 


9 


M 


46 


3 


6 


10 


M 


67 


8 


4 


11 


F 


55 


9 


3 


12 


M 


48 


3 


6 


13 


M 


39 


2 


2 


14 


M 


62 


10' 


7 


15 


F 


59 


6 


5 


16 


M 


55 


5 


4 



* Intensity: 1=siight. 2=moderate, 3=sev9re. 



pain. For our patients, we calculated the PRI and the mean 
of the subgroups. Depressive symptoms were assessed by 
use of the Hamilton Depression Scale." It consistsof a ques- 
tionnaire in which patients are asked how often (never, al- 
ways, sometimes, etc) they harbor certain negative 
thoughts; eg, the feeling of isolation, suicide, etc. From 
the number of selected items and the frequency, a point 
value is computed which gives a semiquantitative measure 
for depression (Table 2), 

Informed consent was obtained from all subjects, includ- 
ing controis. The study was carried out In accordance with 
the Helsinki Declaration. 

Controis. — Fifteen age- and sex-matched controls, hos- 
pitalized with neurological diseases (mostly neuromuscu- 
lar), were recruited (12 men, 3 women, average age 53.5 ± 
4.3 years). Endocrine, metabolic, malignant, as well as acute 
or chronic inflammatory diseases were excluded through 
the history, clinical examination, and laboratory analysis. 




Table 2.— Results of the McGIII Pain Questionnaire (MPQ) 



Patleni 


MPQ, Pain 
Rating Index 


MPQ» Affective 


MPQ. Sensory 


MPQ. 
Evaluative 


MPQ. 
Miscellaneous 


Hamilton 
Scoi'e 


1 


19 


10 


7 


1 


1 


19 


2 


18 


8 


9 


1 


0 


11 


3 


24 


11 


11 


0 


2 


22 


4 


21 


14 


6 


0 


1 


24 


5 


15 


5 


9 


0 


1 


10 


6 


16 


4 


9 


1 


2 


9 


7 


15 


4 


7 


1 


3 


10 


8 


19 


5 


6 


1 


5 


12 


9 


12 


4 


7 


0 


1 


10 


10 


27 


14 


8 


0 


5 


24 


11 


29 


16 


9 


1 


3 


25 


12 


17 


5 


9 


1 


2 


11 


13 


13 


5 


7 


0 


1 


9 


14 


28 


15 


7 


1 


5 


26 


15 


30 


14 


8 


1 


7 


22 


16 


23 


7 


11 


1 


4 


12 
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Mo control subject suffered from an acute or chronic pain 
syndrome. 

Methods. — The lumbar puncture was always carried out 
at the same time in the morning (9 am to 10 am] after an 
overnight rest and fast. The first 9 mL of CSF were with- 
drawn without fractionating and immediately frozen on dry 
ice at -70^C for subsequent analysis. 

To measure the concentration of catecholamines in CSF, 
a sample preparation kit (Recipe Chemicals and instruments. 
No. 1020, Germany) was used. After a selective adsorption 
of the catecholamines onto activated aluminum oxide at pH 
8.6, a desorptlon with perchloric acid was performed. For 
high pressure liquid chromatography (HPLC) separation, an 
Rp I8e column was used IMerck, Darmstadt, Germany). The 
mobile phase consisted of 50 mM KHjPO^, 3 mM heptane 
sulfinic acid, 30 mg EDTA-Naj. and 4.5% methanol with 
KCIO^ adjusted to pH 3.0. The flow rate was 1,2 mU/min. 
The electrochemical detection was carried out at a poten- 
tial of 0.62 V and 50 nA/V with a 10 mV recorder input. The 
HPLC system was calibrated with plasma calibrators {Biorad, 
No. 195-5960, Munich, Germany). The computer-assessed 
calculation was done with the internal standard method. 
As an internal standard, dihydroxybenzylamine (DHBA) was 
used. 

Details of storage, transport, and HPLC measurement of 
VMA, HVA, and 5-HIAA in the CSF were described earlier.^^ 

The neuropeptides, somatostatin and substance B were 
determined with a radioimmunoassay (ORG Instruments: 
DRP 7451, DRP 8001). Intra-assay and interassay variation 
coefficients were 5% and 12%. The detection limit of both 
assays was 8 fmol/mL. Duplicate measurements were taken; 

Statistical Analys!s,«-Ali values are shown as mean ± 
standard deviation. To determine significance, f-test, 
ANOVA, and the Student-Newman-Keuts test were used. To 
correlate neurochemical and clinical parameters, we used 
the Spearman's rank correlation coefficient. To correct for 
the number of statistical tests performed, we used the 
Bonferroni inequality. Significances are indicated as P<0.05 
or P<0.01. 

RESULTS 

The concentration of norepinephrine (f<0.01) 
and the concentrations of the catecholamine 
metabolites, HVA {P<0.01) and VMA (P<0.05), 
were significantly decreased in the CSF of pa- 
tients suffering from trigemina! neuralgia com- 
pared to the control group.. 

Substance P was significantly elevated <45.4 
± 11.4 fmol/mL versus 34.2 ± 9.7 fmol/mL; 
P<0.05). Somatostatin was significantly de- 
creased (36.2 ± 8.5 fmol/mL versus 25.3 ± 5.5 
fmol/mL; P<0.05). 5-Hydroxylndoleacetic acid, 
the breakdown product of serotonin, was sig- 
nificantly decreased (86.8 ± 29,3 nmol/mL ver- 
sus 159.1 ± 46.2 nmol/mL; P<0.01) (Table 3). 

Epinephrine, 5-HIAA, and HVA in the CSF 
showed a significant negative correlation with 
the duration of the disease (Figure 1). The total 
PR! of the MPQ showed a significant negative 
correlation with epinephrine {r=-.63, P<0.05), 
HVA (r=-.63, P<0.05) and 5-HIAA (r=-.65, P<0.05) 
in the CSF. When differentiated into the subcat- 
egories of the MPQ, the affective score corre- 



Table 3.— Cerebrospinal Fluid Transmitters, 
fi/letabolites, and Neuropeptides in Patients With 
Trigeminal Neuralgia and Controls 





Trigeminal 
Neuralgia 


Controls 


Epinephrine, 

pmol/mL 
Norepinephrine, 

pmol/mL 
Dopamine, 

pmol/mL 
5-HIAA. nmol/mL 
HVA, nmol/mL 
VMA, nmol/mL 
SST, fmol/mL 
SP, fmol/mL 


368.6 ±92.2 


302.8 ±75.1 


85.1 ±33.1" 


133.4 ±52.1 


37.5 ±19.8 

86.8 ±29.3" 
192.3 ±46.0" 
18.2 ±6,5* 
25.315.5- 
45.4 ±11.4* 


39.5 ±19.8 

159.1 ±46.2 
335.9 ±72.2 
28.8 ±15.7 
36.2 ± 8.5 
34.2 ±9.7 



*P<0.05, ••P<0.01; calculation of significance by Student's t- 
test. 

Values given as mean ± SO. 
5-HIAA indicates 5-hydroxyindofeacetic acid, HVA 
homovanillic add. VMA vanillylmandelic acid. SST 
somatostatin, SP substance P. 



lated significantly negatively with HVA (r=-.67, 
P<0.05) and 5-HIAA {r=-.65, P<0.05), whereas the 
sensory score correlated significantly with sub- 
stance P {r=.88, P<0.01) and somatostatin {r=.Sb, 
P<0.01) (Table 4). There were no correlations.of 
any of the neurochemical parameters in the CSF 
with age, sex, weight, or drug therapy. 



180 



norepinephrine/HIAA nmol/ml 




2 4 6 8 10 

duration of disease/years 



12 



HIAA 



norepinephrine 



Fig 1.— Correlation batwesn norepinephrine/5-HIAA and the 
duration of the disease. 
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Table 4.— Correlations Between Clinical Features and Neurochemical Parameters 



Norepinephrine 

Epinephrine 

Dopannine 

HVA 

5-HIAA 

VMA 

SP 

SST 



MPG. Pain 
Rating Index 


MPG, Affective 


MPQ, Sensory 


Hamilton Score 


Duration of 
Disease 


-.57 


-.50 


-.39 


..44 


-.50 


-.63* 


-.39 


-.18 


-.38 


-.65* 


.14 


-.05 


.42 


-.14 


.15 


-.63* 




-.15 


-.70** 


-.75** 


-.65* 


-.65* 


-.12 


-.69- 


-.77** 


.11 


.24 


22 


-30 


.19 


.16 


-.07 


.88- 


-.17 


.10 


.19 


-.09 


.95" 


-.12 


.03 



•p<ao5. 

•'P<0.01. 

Correlation coefficients by Pearson. 

MPG indicates McGill Pain Questionnaire. HVA homovanillic acid, 5-HiAA 5-hydroxyindoleacetic acid. VMA vaniliylrr.andBlic 
acid, SP substance P, SST somatostatin. 



Among the neurochemical parameters, sub- 
stance P and somatostatin showed a significant 
negative correlation {r=-.72, P<0.01), Substance 
P also correlated with HVA (r=.77, P<0.01) and 
5-HIAA (r=.68, F<0.05) (Figure 2). 5- 
Hydroxylndoleacetic acid and HVA correlated 
with each other {r=.61, P<0,05), and so did so- 
matostatin and norepinephrine (r=.71, P<0.01). 

COMMEIMTS 

In the present study, substance P was signifi- 
cantly increased, whereas somatostatin and 




Hi 

monoaminergic transmitters and their metabo^p 
lites were found to be decreased in the CSF d^,. 
patients with trigeminal neuralgia. So far, onl'^tf 
a few studies have examined the concentratiori^j 
of neurotransmitters in the ventricular comparil%|| 
ments in patients with trigeminal neuralgia'sj^^ 
which limits the comparability of the studies^ 
Additional problems hindering the interpretatidn|J= 
of our neurotransmitter data are the release ar^^ 
metabolism of these substances at the spinali 



350 



300 



250 



200 



HVA/HIAA nmo!/ml 




f"^ "'^^Wi s» 

level, their pulsatile release, and the clependence||i:^comQi 
of these values on physical factors such as ag^^ 
sex, weight, and height. However, with the|^ 
limitations in mind, it is possible to draw son^^ 
conclusions about pathochemical changes 



trigeminal neuralgia. 



150 



100 



10 



20 30 40 

substance P fmol/ml 



Fig 2.^CorrelatIon between substance P and »-HiAA/HVA. 
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In accordance with the only study publlshe|^| 
on this topic to date,^"® we found a significaritPj 
increase of substance P in the CSF of patienM|| 
with trigeminal neuralgia. Substance P plays 0^ 
important role as a pain-inducing excitatory neu^ 
retransmitter in neurogenic inflammation,.^10" 
and clinical studies have confirmed this roie of 
substance P as an activator of afferent nocice||^ 
tive structures in the anatomic region of 
trigeminal nerve.^^ Together with the fact tl"^^ 
recent studies stress the importance of tp^ 
trigeminovascular system in trigeminal neura|g| 
gia,^ this supports the hypothesis that continue 
ing neurogenic inflammation is an importa,^*' 
factor in the pathogenesis of this condition ^ 

Unlike substance P, somatostatin was 
creased in our patients. Somatostatin blocks t^| 
release of substance P from peripheral sensc^^^^ 
nerve endings and has an antinociceptive eft 
fect.^*-^^ Whether the deficiency of this gen|M| 
ally inhibitory peptide is a necessary or su^^ 
cient condition for pain, and whether its effe^?l 
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are mediated alone or in combination with other 
modulators, remains to be specifically tested. 

The metabolite of serotonin, 5-HIAA, was sig- 
nificantly reduced. This is In accordance with 
other studies.^*'" The antinociceptive effect of 
serotonin, mediated via descending, supraspinal 
pathways, together with dopamine and norepi- 
nephrine, has been known for some time.^^'^® 
Several studies have attempted to define high 
and low values of 5-HIAA in the CSF. Values 
between 50 and 90 ng/mL are considered low; 
values above 160 to 180 ng/mL are considered 
high.^ According to these criteria, our patients 
with trigeminal neuralgia have low levels of 5- 
HIAA. Also, we observed in our patients that 
the lower the level of 5-HIAA, the higher the to- 
tal score on the MPQ. We, therefore, hypoth- 
esize that reduced levels of serotonin are asso- 
ciated with depression and a lowering of the 
nociceptive threshold of these patients, leading 
to an exacerbation of the pain, independently 
of its etiology. Whether this is something that 
precedes the pain attacks or a result of these 
attacks, and whether this is typical for patients 
with trigeminal neuralgia, remains to be deter- 
mined. Our finding of a correlation between 
substance P and 5-HIAA is confirmed by other 
studies showing that these substances 
ccmodulate a neurogenic inflammatory re- 
sponse in head and face pain,^* " 

A metabolite of dopamine. HVA, was signifi- 
cantly reduced in our patients. Dopamine plays 
an important antinociceptive role in the central 
nervous system. Several studies have shown that 
the overall sensitivity towards pain is correlated 
g with low levels of HVA and also with 5-HfAA.^ 
Dopaminergic agonists such as pimozide reduce 
n in trigeminal neuralgia.^^ Again, it remains 
' I to be determined whether lower levels of HVA and 
I dopamine precede or follow trigeminal neuralgia. 
I Chronic pain syndromes are frequently accompa- 
J nied by depressive symptoms and show decreased 
1 levels of HVA and 5-HlAA.=*^'3^ In our study, low lev- 
II J els of HVA and 5-HIAA also correlated with high 
* 1 scores on the affective subsection of the MPQ and 
I High values on the Hamilton Depression scale 
^ which point to a major depressive component in 
I trigeminal neuralgia. In addition, low levels of HVA 
I and 5-HIAA correlated with the duration of the dis- 
ease. Whether this is primarily the result of de- 
pression or dysregulation of descending Inhibitory 
serotonergic and dopaminergic pathways in 
chronic pain syndromes is unclear.^ 

Substance P and monoamines are found to- 
Sether in the periaqueductal gray, reticular for- 
f^ation, descending spinal serotonergic path- 
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ways, the dorsal horn, and some limbic struc- 
tures. Studies in cats have demonstrated the 
potential importance of high substance P levels 
because of its activation of the afferent nocice- 
ptive system of the head and its algesic effect in 
the trigeminal vascular system. ^ Our findings 
of elevated substance P and correlated dopam- 
ine, norepinephrine, and serotonin suggests that 
all these substances are codysfunctional and that 
for effective treatment each neuromodulator 
should be effected.^^ 

In summary, our results point to complex neu- 
rochemical changes, which can be separated 
into local and more central changes, in the CSF 
of patients with trigeminal neuralgia. The in- 
crease in substance P, a major nociceptive 
neuromediator, supports the concept of a local 
neurogenic inflammation of the 
trigeminovascuiar system. Correlated with the 
duration of the disease and an accompanying 
depression, significantly lowered dopamine, 
norepinephrine, HVA, and 5-HIAA concentrations 
implicate a disturbance of central noradrener- 
gic, dopaminergic, and serotonergic systems. In 
this way, a co-dysfunction of several 
neuromodulators, both monoamines and pep- 
tides, might be studied, and treatment algo- 
rithms designed. 
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ANALYSIS OF AN EXCEPTJONAL MULTIPLEX FAMILY WITH 
GENERALIZED EPILEPSY LE.Schelfer*. R.A.HowelL I.A.OfPmoV. 
G.I .CI iff and S.F.Berkovic. Department of Neurology, Austin Hospital, 
Heidelberg, Victoria. 

The genetic basis of the generalized epilepsies is complex and prorly 
understood. Most family studies comprise small pedigrees with a few 
affected irKlividuals. These studies have failed to elucidate the genetic 

relationships of the described syndromes of the generalized epilepsies, and 
their modes of inheritance. Large multiplex families wi til epilepsy are 
extremely rare, but provide an unique opportunity to clarify these Issues as 
the abnormal genes must be rebtivdy homogeneous. 

We have studied a kindred with extensive genealogical data cin 
2000 members. In one branch of the family, with consanguinity in the 
higher generations, approximately half the individuals had generalized 
epilepsy. Of 31 affectetl family members in 4 generations, a variety of 
generalized seizure types beginning in childhood was seen. These included 
childhood generalized ton:c-clonic seizures often with fever, absence 
attacks, myoclonic seizures, and rarely drop attacks; no cases had focal 
seizures. A/fected family members could not be classified as having a single 
epilepsy syndrome. The pattern varied from a benign generalized epilepsy 
o/ early childhood, to a severe .seizure disorder with refractory drop 
attacks persisting in adulthood with intellectual retardation. 

The relative heterogeneity of generalized epileptic patterns in this 
family suggests that analysis of single electroclinical syndromes in 
disparate families may have less neurobioJogical relevance than the 
analysis of large multiplex families. The large number of affected 
individuals in (t\\$ family is the result of consanguinity and provides a 
privileged opportunity to isolate specific epilepsy genes by molecular 
genetic shidies. 



EPILEPSY AND MOTOR VEHICL3S: WHAT SHOULD BE THE 
GUIDELINES FOR DRIVING SAFETY? *JEC Conatanbinou. 
SS Qubbay . Department of NeuroIogy# Princess Margaret 
Hospital £or Children » Perth, W.A. 

Thirty four of approximately 400 drivers with epilepsy 
(8,5%) followed prospectively over a period of eleven 
years sustair\ed a seizure while driving. The 
application of a "on© year rule" would have prevented 
the majority of driving incidents without unreasonadDly 
restricting the right to drive as the majority of 
drivers (71%) reported at least one seizure within one 
year of the driving incident. There were only three 
cases (9%) in which a seizure had occurred at an 
intenral of between one and two years prior to the 
event. Five patients (15%) had been seizure froo for 
nore than two years. The most inportant factor in 
assessing the risk faced by the epileptic driver was 
sei2iire frequency. Eleven patients (32%) suffered from 
at least monthly seizures. Personal injury and 
property and vehicle daoaga (55% of incidents) were 
generally of srinor degree/ thcnigh there were two 
instances of serious personal injury. Six of the 
subjects (18%) citing unnecessary hardship, continued 
CO drive despite involvement in nultiple accidents. 
While realistic and humane guidelines encourage 
motivation to seizure control in nost patients the 
intransigent driver provides particular ethical 
difficulties. 



Automacisins - An Hoalysis of tbe carrent IgbrI oosition 
With Kfenoce to cUaical pracUcB and medicoleirBl 
jptmretBtlon. 

Roy G Beran, The Liverpool Hospital 

The social and psychological pressures that shape our 
criminals also shape those who inake and remake the 
laws which control them. The interface between 
medicine and the law is at) area which demands further 
investigation. There can be no criminal capability for 
an act unless the perpetrator had both the will to so 
act and the capacity to differentiate and choose 
whether or not to conform the particular behaviour to 
that dictated by the law. The capacity for choice 
must remain the fundamental issue. The range of 
conditions which can raise volition as a defence include: 
Somnambulism; post-tramnatic syndromes; epilepsy; 
arteriosclerosis; or acts secondary to cerebral neoplasia. 
There is need to differentiate between "reflex actions'* 
and "automatisms" and it is imperative that terms such 
as automatism or automatic behaviour are not perverted 
to allow an excuse for that which is inexcusable. 
Cases such as that of Cogdog who was acquitted of 
murdering her daughter; R«"^T?M?tt?ffl who was found 
gullt>- of causing a traffic accident despite having a 
stroke; Dennison in which a driver was found guilty 
despite epilepsy or; Jenkins where the driver was 
initially found innocent of dangerous driving because of 
the unpredictable nature of diabetes will be discussed. 
Special attention will be focused upon the case of 
Sullivan, a landmark in consideration of automatisms in 
epilepsy. The paper will examine "insane" verses "non- 
insane" automatism and the Australian legal system as 
it affects modem neurological practice. Suggestions will 
be proffered as to bow the law should be modified to 
better reflect Justice as required within the context of 
modern medical knowledge. 



THE USE 0? BOTULINUM TOXIN IN r^Z TREAIME.YT OF 
ORO-MANDIBULAR DYSTONIAS AND FRACTURES OF THE 
!4ANDIBIJLAR CX)NDYLE, G. McKellar and J. Lorent2* 
Westaead Hospital. Westmead, N.S.W. 2145. Australia. 



We treated 9 patients with Meige syndronje, 7 with 
masticatory muscle dysfunction, 2 with bruxlsm. 
One to 6 injections o£ Botox wern given usually 
under E.M.G. guidance. Ten to forty mouse unit.s 
of Botox vere given per muscle. Videos were taken 
before and after Rx. Assessxent was made on subjective 
responses* but these were substantiated by objective 
neasureoients. 37 treatment courses were successful 
and 5 injections were failures. Dysphagia ocr.urred 
in 2 patients only, ond other side effects were 
insignificant. Four patients with fractures of 
the mandibular condyle vere treated with Botox in 
order to reduce muscle spasm prior to surgical 
reduction of the fractures. The results were excellent 
in all & patients. Botox may have iaportanl. 
applications in Dental surgery os well as in Neurology, 
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